The transient electric fields will be calculated for several types of step function current sources embedded in a conducting medium. These will be developed by the aid of the Laplace Transformation. The types of source elements considered are the electric dipole, the magnetic dipole and the linear grounded current element of finite and infinite length. 
and h(s) = I/(U + es) curl n(s). (6)
The solution of equation (4) is well known when the quantities vary as exp (&) (Stratton, 1941) and by similar reasoning the following is a solution for a(s) whose inverse II(t) gives an outgoing wave at infinity. The transform of the field components are then obtained by using equations (s), (6), and (8). The inversion of the resulting transform apparently is not easily found and they involve the unit impulse and doublet impulse functions. For this analysis a great simplification can be made at the outset if the displacement currents are neglected. That is, the operator (u+H~/&) in (I) is replaced by u.
When the fields vary as exp (iwt) this means that (a+~)
is replaced by u which is valid for frequencies c&G/e. When the source is of a step function type this means the predicted transient response is valid for times t>>e/u. Then u+es is replaced by u in the above expressions for the transforms.
With this simplification and using (s), (6), and (8) 
The inversion of these transforms can again be readily carried out by means of equations (13) 
He(t) = dAI/4rr3 sin OB(t)u(t) (25) Em(t) = -pdAI/4w2 sin B(d/dt)A(t)u(t) = -IdA/mur4 sin K(t)u(l) where A(t) and B(t) are given in (19) and (20) and C(t) is given by: C(t) = (
The function C(t) is also plotted in Figure 2 .
THE FIELD OF A FINITE CURRENT ELEMENT
An expression will be developed for the transient fields due to a step function of current in a wire of length B-A embedded in an infinite medium of conductivity u and permeability p. The coordinate system is shown in Figure 3 grounded at its end points. The step function current generator is anywhere between its end points. The assumption that the current is constant throughout its length implies that the propagation constant is negligibly small for important times in the transient response. This is certainly the case for most types of insulation where the shunt admittance is relatively small. It can also be shown that the insulation has negligible effect on the radiation from the wire into the conducting medium as long as the over-all radius Ro of the insulated wire is such that R~<(zt/~p)'/~ where u and p are the properties of the external medium and t is the time that the transient is measured following the application of the step function current. This follows from the fact that the radial wave impedance at the insulation medium boundary is almost identical for the insulation material and conducting medium when Ro satisfies the above inequality.
An interesting check on the above method is to find the expression for the fields when the source wire is infinite. When -A and +B go to infinity the fields become 
